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ABSTRACT

Increasing the number of transfers and graduates in engineering who start at community col-

leges (CC) requires strategic partnering between institutions. Reflecting on the results of a five-

year partnership between a large, multi-location CC and a large four-year university, we present 

the goals, conceptual framework, specific results, and best practices for developing and sustaining 

STEM partnerships to increase the number of transfers and graduates in engineering. There were 

four foundational practices to this partnership: (1) inter-institutional collaboration, (2) creating a 

CC engineering orientation course, (3) developing an engineering admissions partnership program 

for CC students, and (4) data collection and analysis for informed decision making. The specific 

foundational practices described in this paper are part of a larger effort to increase the persistence 

of CC transfers in engineering by creating or enhancing a transfer-friendly environment, a com-

munity of practice through partnerships, greater awareness about engineering and engineering 

careers, student-faculty interaction, and new datasets for research and evaluation. Results of the 

partnership include a notable increase in the number of pre-engineering students, the number of 

students participating in the engineering admissions partnership program, the number of students 

transferring to the university, the number of transfer students participating in a learning community, 

and an increase in first-year retention rates of CC transfer students in engineering. 
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INTRODUCTION

Recently, the President’s Council of Advisors on Science and Technology (PCAST) reiterated the 

need for more science and engineering graduates in the United States, suggesting that the nation 

will need about one million more science, technology, engineering, and mathematics (STEM) gradu-

ates over the next ten years than the country will produce (PCAST 2012). Of the five specific recom-

mendations, one focuses entirely on creating partnerships between two- and four-year institutions 

to diversify and increase this number of graduates. The report states that these connections should 

“provide authentic STEM experiences for community college (CC) students on the four-year campus 

and allow students to develop relations with faculty and the college or university community to ease 

the potential transition from a two-to-four-year institution or to provide advanced experiences for 

students who do not pursue a four-year degree” (PCAST 2012, p. 14). The present article describes 

in detail what program practices were successful in increasing the number and persistence of CC 

transfers in engineering for one such funded partnership between a large multi-location CC and a 

large research university.

For a CC transfer student in engineering, the middle years involve surviving the transfer pro-

cess, adapting to the university environment, and applying foundational mathematics and sciences 

skills in more advanced coursework. The transfer student doesn’t have time to explore different 

engineering majors, has not built a community of support, and has no record of success at the new 

institution. This paper reports the creation of a transfer-friendly and student-success environment 

through partnerships and collaboration, which increased persistence in engineering for CC transfer 

students. The Student Enrollment and Engagement through Connections (SEEC) project was initi-

ated with support from the National Science Foundation (NSF) Science, Technology, Engineering, 

and  Mathematics Talent Expansion Program (STEP) grant to increase the number of students (U.S. 

citizens or permanent residents) receiving associate or baccalaureate degrees in established or 

emerging fields within STEM. The SEEC project was a comprehensive and collaborative project be-

tween Iowa State University (ISU) and Des Moines Area Community College (DMACC) to increase 

the number of pre-engineering students at DMACC, the number of students from DMACC who 

successfully transfer and persist in the College of Engineering (CoE), and ultimately the number 

graduating with a  bachelor’s degree in engineering at ISU. Since the programs created for DMACC 

would also be offered to other Iowa CC students, the project would ultimately increase the success 

of all Iowa CC transfer students. The STEP grant made it possible for extensive collaboration and 

data sharing between the institutions. Success strategies focused on learning communities, academic 

advising, student engagement and success, and career awareness. Over the grant period, engineer-

ing enrollments and the number of students graduating increased substantially at both institutions.
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The SEEC project was informed in part by research from the National Academy of Engineering 

(NAE) Changing the Conversation report (2008), which provides results of a research-based  effort to 

develop and test new, more effective messages about engineering. The overall conclusion of the report 

is that the public image of engineering and engineers must appeal to the optimism and aspirations 

of students and must be all-inclusive. In the past, the image of engineers has been  focused mostly 

on majority populations and messages have emphasized the preparation, especially in mathematics 

and science, necessary for engineering careers. Recently, an NAE report, Messaging for Engineering: 

From Research to Action (2013), supports efforts by the engineering community to communicate more 

 effectively about the profession and those who practice it. It concluded that to interest young people 

from all backgrounds; the new messages must cast engineering as inherently creative and concerned 

with human welfare, as well as emotionally satisfying, thereby appealing to their desire to develop 

hands-on solutions to problems that can make a difference in the world and improve people’s lives.

The Purpose of this Paper

This paper reflects on the SEEC project practices and summarizes results and recommendations 

from an inter-institutional collaboration focused on upward transfer. A subset of the recommendations 

presented is backed with statistical evidence. The SEEC project goals, conceptual framework, specific 

project results, and best practices serve as key messages for others developing STEM partnerships. We 

share what worked in this successful partnership to increase the number of transfers and graduates in 

engineering who started with the CC pathway. Of the many successful SEEC practices, this paper focuses 

on four that are foundational to the success of CC transfers to engineering: (1) inter-institutional col-

laboration, (2) creating a CC engineering orientation course, (3) developing an engineering admissions 

partnership program for CC students, and (4) data  collection and analysis for informed decision making.

The goals of these practices are to (a) engage transfer students while still at the CC and (b) create 

messaging for academic advisors, faculty, and students based on student participation and persistence 

data that summarize relevant findings of this research study. Increasing the number and persistence of 

CC transfers in engineering includes creating a transfer-friendly environment, a community of practice 

through partnerships, greater awareness about engineering and engineering careers, student-faculty 

interaction related to educating and training the engineer of 2020 (National Academy, 2004), and new 

datasets for research and evaluation. In addition to providing findings through data analysis, the results 

determine distinctive strategies to increase the participation and persistence of CC transfers in engineering.

Background

Nearly half of all undergraduate students enroll at a CC sometime during their education (Handel 

and Williams 2012). For the 2010-11 academic year, 56% of all Iowa students who completed a  degree 
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at a four-year institution had previously enrolled at a two-year institution (National Student Clearing-

house Research Center 2012). Despite the large numbers of potential new enrollments at four-year 

institutions that CC students could provide, it has been estimated that only 25–35% of CC students 

actually complete the transfer process (Handel and Williams 2012). CCs are vital to the health of our 

education-driven economy by providing students for four-year colleges and universities (American 

Association of Community Colleges 2013).

The CC pathway is also a way to recruit and support women in engineering. CC programs  historically 

have higher representation among underrepresented groups, such as female, minority, first-generation, 

and lower-income students (National Academy of Engineering, 2005). Research supports the asser-

tion that, compared to men, women scientists and engineers are more likely to have attended a CC 

at some point in their academic career (Tsapogas 2004). However, despite being over-represented 

in CCs, Sullivan et al. (2012) found that transfer students in engineering were less likely to be women. 

Strengthening the pathway to an engineering degree through collaboration and support of transfer has 

the potential to increase both the number of engineering graduates and the diversity of these graduates.

CC graduates also have a positive impact on the local and state economy. In the 2015 annual report, Des 

Moines Area Community College (DMACC) reported that 95% of their graduates (in all majors) live and 

work in Iowa (DMACC, 2015). Students from CCs who complete bachelor’s degrees may be more likely to 

stay in-state once they have finished their education, especially in high-demand fields such as engineer-

ing. A SEEC study at ISU (Laugerman and Mickelson 2011) found that a  significantly higher percentage of 

engineering graduates who transferred from a CC took jobs in-state as compared to non-transfer students. 

However, there are “enduring obstacles to transfer” (Mullin 2012 p. 4) that must be overcome. These 

include the nonlinear paths that students take through transferring into and out of multiple institutions, 

dropping out or stopping out, prior college credits, and massive open-online courses (Mullin 2012b). 

Research indicates that, along with other types of support, CCs would do well to provide more counsel-

ing for transfer students (Hagedorn, Moon, Cypers, Maxwell, and Lester 2006; Laanan 2007). Because 

the process of preparing for transfer and the transition involved is complex, students’ chances of trans-

ferring and completing a baccalaureate degree are greatly enhanced when two-year and four-year 

institutions work together to facilitate the process and reduce barriers (Community College Survey of 

Student Engagement 2007). Most importantly, research shows that creating a culture of transfer is the 

key component in successful transfer partnerships (Kisker 2007). Creating a culture of transfer begins 

with partnerships that can raise students’ awareness of the opportunities available to them before, 

during, and after transfer (PCAST 2012). CCs occupy a unique position that enables them to work with 

K-12 students and administrators, employers, and 4-year institutions of higher education. However, for a 

transfer partnership to be successful, participants must work to establish a high degree of trust among 

institutions and the individuals within them (Kisker 2007).



FALL 2019 5 

ADVANCES IN ENGINEERING EDUCATION

The Middle Years in Engineering: An Effective Transfer Partnership  

Drives Student Success in STEM

One practice with solid evidence that participation increases retention is the creation of learning 

communities (LCs) (Taylor, Moore, MacGregor, and Lindblad 2003; Tinto 2006; Tinto 1997; Zhao and 

Kuh 2004). LCs at ISU (Iowa State University Learning Communities 2012) feature small groups of 

students who generally take one, two, or three courses together and may live in the same residence 

hall. Other characteristics involve:

• introduction to university resources

• peer mentoring and/or tutoring

• faculty mentoring

• contact with students who have similar academic goals, and

• career exploration.

Long-term LC data from ISU (Iowa State University Learning Communities 2012) show that, com-

pared to non-LC participants, LC participants’ one-year retention rates are 8 percentage points higher, 

average six-year graduation rates are 12 percentage points higher, and overall student satisfaction 

and engagement are higher. Also, a higher percentage of students of color participate in LCs (76%) 

than the overall participation rates (70%) in LCs for all students. The LCs program, which began in 

1995 with 407 participants, now has over 5,000 participating students annually.

An important feature of LCs is peer mentoring. Myers, Silliman, Gedde, and Ohland (2010) 

 summarize literature showing that first-year students are more comfortable going to upper-class 

engineering students rather than to faculty to discuss educational topics, consistent with a number 

of studies demonstrating that informal relationships and mentoring in a variety of organizational 

contexts are accepted as important to integration and retention (Jacobi 1991; Ragins, Cotton, and 

Miller 2000). Further, student-student relationships have been recognized as the largest influence 

on student satisfaction with several college environments, with student-faculty relationships as the 

second-largest influence (Astin 1993; Korte and Smith 2007).

In addition to the other obstacles to pursuing an engineering degree, the difficulty of the course-

work itself continues to be a major obstacle. Among the external characteristics, the rigor of engi-

neering curricula is cited as one of the most important variables contributing to student attrition, 

with calculus being the largest obstacle (Zhang, Anderson, Ohland, Carter, and Thorndyke, 2004). 

Students with a C average or less in calculus have a high probability of leaving engineering ( Veenstra, 

Dey, and Herrin, 2009; Zhang, Min, Ohland, and Anderson, 2006). Whalen and Shelley (2010) found 

a notable increase in retention and/or graduation achieved by an average increase of as little as 

one-tenth of a percentage point in cumulative GPA. This suggests that doing what is necessary to 

improve grades must be the top priority for retaining engineering students.

This background research supports our persistence strategies for engaging CCs and universities 

in STEM partnerships.
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OVERVIEW OF PROJECT

The project started in 2007 with the goals of increasing the overall number of DMACC pre-

engineering students, the number of transfer students, the persistence rates of these students, as 

well as the overall number of engineering graduates. 

The Collaborators

DMACC is a public institution and Iowa’s largest two-year college. It offers 153 programs, certifi-

cates, and transfer degrees, annually serving more than 75,000 credit and non-credit students at 

campuses and learning centers throughout Central Iowa. DMACC serves a 6,560 square mile area 

in 22 counties and has a student-to-faculty ratio of 18:1.

ISU is a public land-grant and space-grant research university located in Ames, Iowa. Founded 

in 1858, ISU is classified as a Research I University with very high research activity (RU/VH) by the 

Carnegie Foundation for the Advancement of Teaching. A record 36,001 students enrolled at ISU 

in the fall of 2015. ISU is among the largest engineering schools in the country, producing over 

1,155 graduates in 2015 (14th in the nation in 2015, American Society of Engineering Education 

(ASEE)), and enrolling 7,730 undergraduates in 2015 (7th in the nation in 2015, ASEE).

Demographics of Participants

The SEEC project (2007 – 2012) began by collecting and analyzing an extensive amount of data per-

taining to ISU engineering students. The overall goal of the data collection and analysis was to develop 

standard reports to help administration make programming decisions at ISU, DMACC, and other Iowa 

CCs that foster transfer student upward mobility in engineering at ISU. SEEC project goals also included 

increasing the number of engineering graduates including women and minorities, as well as building on 

the success of LCs in recruiting and retaining engineering students. An initial request to ISU’s Institutional 

Research and Engineering Career Services returned semester-by-semester transcript data. These data 

were not intended to assess the effectiveness of the SEEC Project, but to develop a baseline of data 

for CC transfer and non-transfer students. This dataset included 10,441 non-transfer students and 1,191 

CC transfer students who entered the CoE between 2002 and 2010, and retention data through 2011.

We also used a subset of the CC data to measure graduation rates in engineering. This subset 

included 472 in-state CC transfer students admitted to the CoE between 2002 and 2005, which al-

lowed them sufficient time to graduate. The demographic characteristics of these three groups of 

students are included in Table 1. The demographic characteristics between the groups of students 

were not statistically significantly different at p<0.05, except for the percentage of females, which 

was 14.7% for non-transfer students compared to 6.8% for CC transfer students.



FALL 2019 7 

ADVANCES IN ENGINEERING EDUCATION

The Middle Years in Engineering: An Effective Transfer Partnership  

Drives Student Success in STEM

Retention Rates of Participants

Despite having similar demographic characteristics, three statistically significant retention and 

attrition rate differences existed between the CC transfer students and non-transfer students. 

First, a higher percentage of the CC transfer students left the university when they left the CoE. 

For the CC transfer students, 51.3% had graduated or were still retained in the CoE, 101% had left 

the CoE but had either graduated or were still retained in non-engineering majors at the univer-

sity, and 101% left the university when they left the CoE. For the non-transfer students 55.0% had 

graduated or were still retained in the CoE, 20.4%, had left the CoE but had either graduated or 

were still retained in non-engineering majors at the university, and 24.6% left the university when 

they left the CoE.

Second, statistically significant differences existed between CC transfer students and non-

transfer students in the one-year retention rates in the CoE, For CC transfer students the aver-

age one-year retention rate (over the ten-year history) was 66.0%, compared to the average 

one-year retention rate of non-transfer students of 73.8%. The two-year retention rates were not 

significantly different, but the three-year retention rates were significantly different as shown 

in Table 2.

Table 1. Demographic Percentages of Students Admitted to the College of Engineering (CoE).

Group N Total
Female
%(N)

Black 
%

White 
%

Hispanic 
%

American 
Indian %

Asian 
% 

US Citizen 
%

CC Transfer Students 
2002–2005 472 7.0 2.5 77.5 1.3 1.1 5.3 92.2

CC Transfer Students 
2002–2010 1,191 6.8 3.4 81.2 1.5 0.8 3.6 92.9 

Non Transfer Students  
2002–2010 10,441 14.7* 2.6 80.3 2.6 0.3 4.2 91.3

*Statistically significantly different between All Students and CC Transfer Students at p<0.05
Notes: The 2002–2005 students are a subset of the 200–2010 data used to calculate the graduation rates.

Table 2. Retention Rate Comparisons for All Engineering Students.

Period
Non-Transfer Students  

(n=10,441)
CC Transfer Students  

(n=1,191)

One-Year 73.8% 66.0%*

Two-Year 60.4% 54.9%

Three-Year 55.2% 44.4%*

*Statistically significantly different between non-transfer and CC at p<0.05
Notes: CC=Community College.
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Third, there were statistically significant differences between CC transfer students and non-transfer 

students in the retention rates for female CoE students. The average one-year retention rate in the 

CoE for female CC transfer students was 46.3%, whereas the average one-year retention rate in the 

CoE for female non-transfer students was 75.4%. Similar significant differences existed in the two-

year and three-year retention rates between female CC transfers and female non-transfer students 

in the CoE as shown in Table 3.

In addition to the significant differences in retention rates, there were statistically significant 

differences in academic performance measures between CC transfer students and non-transfer 

students. Data comparing First Fall, First Year, and University core-engineering course GPA by 

admit status show statistically significantly lower GPAs for CC transfer students (see Table 4). 

Data comparing Mathematics ACT scores and High School GPAs by admit status show statisti-

cally significantly lower Mathematics ACT scores and High School GPAs for CC transfer students 

(see Table 5).

CC transfer student participation in LCs, however, increased retention rates by about 5% per year. 

LCs became available to transfer students in the CoE in 2005, and the historical data show a 5% 

higher retention rate for CC students who participated in a LC than for those who did not participate. 

Table 3. Retention Rate Comparisons for Female Engineering Students.

Period
Non-Transfer Students  

(n=1,524)
CC Transfer Students  

(n=81)

One-Year 75.4% 46.3%*

Two-Year 61.9% 45.2%*

Three-Year 56.7% 31.1%*

*Statistically significantly different between non-transfer and CC at p<0.05
Notes: CC=Community College.

Table 4. Admission Status and GPA.

Admission Status
Non-Transfer Students  

(n=9,065)
CC Transfer Students  

(n=1,011)

First Fall GPA 2.72 2.31*

First Year GPA 2.78 2.42*

University BP GPA 2.71 2.32*

*Statistically significantly different between non-transfer and CC at p<0.05
Note: not all records of grades were accessible for all students. Notes: CC=Community 
College, BP=Basic Program in Engineering, GPA=Grade Point Average. 
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Despite higher retention rates for LC participants, low participation rates were measured. Only about 

a third of CC transfer students participated in an LC, which was a factor the SEEC project sought to 

improve by the creation of the Engineering Admissions Partnership Program (E-APP).

Foundational Practices

The first foundational practice of the SEEC project was inter-institutional collaboration, which 

resulted in numerous programming changes and online resources that were developed for CC 

transfer students (see Appendix). This collaboration correlated with increased retention rates for 

in-state CC transfer students. Before SEEC, CC transfer students left ISU at higher rates than they 

did following the initiation of the project strategies.

A second foundational practice was the creation of a CC engineering orientation course. ISU 

and DMACC created an orientation course, EGR 100, which provides pre-engineering students 

with a broad overview of the engineering disciplines and general information about the transfer 

process to a four-year institution. The course brings in guest speakers from ISU’s CoE, as well as 

professionals in industry. Scheduled plant tours give students the opportunity to see engineering 

in action. Students not only learn about engineering career opportunities but are given informa-

tion about internships and experiential learning that they could participate in as students. A guest 

speaker explains behavioral-based interviewing to help prepare students for their interviews. The 

class also makes a trip to the ISU Engineering Career Fair each semester. Enrollment in DMACC’s 

introductory engineering course increased every year of the project. Since the inception of EGR 

100 at the CC:

• Of the original 160 pre-engineering students enrolled at DMACC in 2007, 7% were women, and 

5% were members of under-represented minority (URM) groups.

• Of the 467 pre-engineering students enrolled at DMACC in 2012, 17% were women, and 16% 

were URM.

• Enrollment in DMACC’s introductory engineering course, EGR 100, is now available at four sites, 

to make the courses more accessible, including an urban campus with more URM students.

Table 5. Background Characteristics by Admission Status.

Admission Type Non-Transfer CC Transfer

Math ACT 28.0 (n=9,849) 25.0* (n=585)

HS GPA 3.63 (n=10,441) 3.24* (n=585)

*Statistically significantly different between non-transfer and CC transfer at p<0.05
Notes: HS GPA=High School Grade Point Average, CC=Community College
ACT=American College Testing, HS=High School, GPA=Grade Point Average
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EGR 100 was originally developed with an emphasis on providing DMACC pre-engineering 

 students who would be transferring to ISU’s CoE with information about the transfer process. It now 

includes more general information about the transfer process to meet the needs of those who will 

go into engineering at any four-year institution. Broader transfer information includes information 

about financial aid and ways to finance an engineering education. A course audit is conducted, and 

a graduation plan is created that encompasses both the student’s graduation from DMACC and his 

or her plan for graduation from a four-year institution. Additionally, information about the differ-

ences in culture between DMACC and a four-year institution are discussed to help students make a 

smoother transition to a larger institution.

The third foundational practice was the creation of an Engineering Admissions Partnership Program 

(E-APP), designed to improve the navigational success of CC transfer students through connections 

to the university while still at the CC (Laugerman, Shelley, Mickelson and Rover 2013). E-APP’s goal 

is to increase CC students’ engagement prior to coming to ISU and thus increase their retention 

and graduation rates. These connections include coordinated academic advising, peer mentoring, 

campus visits, and online social and professional networks. Pre-engineering CC students who sign 

up for ISU’s APP are invited to join the E-APP LC.

One of the features of the E-APP is the online professional network. This site is moderated by 

transfer peer mentors—former CC students who transferred into engineering at ISU. Here transfer 

students connect with each other prior to transfer, as well as meet ISU engineering students, faculty, 

and staff. Peer mentors offer advice based on experience, answer questions, post information about 

events, and guide discussions. Students are also apprised of on-campus speakers and other general 

engineering events through the online professional network. E-APP also hosts events throughout 

the year to bring transfer students to campus.

Within the scope of E-APP, the project has promoted and developed other engineering LCs spe-

cifically for transfer students. This was in light of the 5% increase in retention rates for CC students 

who participated in a LC. LCs are part of a collaborative, connection-based strategy to increase 

retention among all student segments, with an emphasis on CC students, and was part of the overall 

strategy of the SEEC project. This is especially important in light of our data collection and analysis, 

which showed these cohorts of CC transfer students had statistically significantly lower mean GPAs, 

as well as lower mean Mathematics ACT scores and mean high school class ranks, than the cohorts 

of non-transfer students who entered the CoE.

The fourth foundational practice was to collect and analyze data for informed decision making 

for academic advisors, faculty, and students based on performance data that summarize relevant 

findings of this research study, and to create new datasets for sustainable future research and evalu-

ation. This will be discussed in detail below.
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Data Analysis Methods

Numerous descriptive and inferential statistics, including t-tests, analysis of variance, and  Pearson’s 

product moment correlation, were employed in our analysis. In addition, a boosted logistic regres-

sion model was estimated (Laugerman, Rover, Mickelson, and Shelley 2015) using the Stata software 

package and the AdaBoost feature (Hastie, Tibshirani, and Friedman 2001). For retention studies, 

we used course grades and the Kaplan-Meier survival estimator (Kaplan and Meier 1958) and the 

Wilcoxon, Breslow, and Gehan test for differences between survival curves (Laugerman, Shelley, 

Rover, and Mickelson 2015; McGready 2006). In addition, we developed a structural equation model 

(Kline 2011) to explore predictors of completing a BS in engineering for CC transfers (Laugerman 

and Shelley 2013). The models were estimated using academic variables from both institutions, 

 including grades and number of credits, and controlling for background demographic characteristics.

DISCUSSION OF PROJECT OUTCOMES

The project started in 2007 with the goal of increasing the overall number of engineering gradu-

ates, as well as increasing the number of DMACC pre-engineering students and transfer students, 

and the persistence rates of these students. The project called for an annual increase in the number 

of all engineering graduates (not just transfers) by 100 per year during the project, to 900 graduates 

annually by the project’s end in 2012. The actual number of all graduates in 2012-13 was 1,013, a 28% 

increase over the course of the project. In addition, the number of all students enrolled in the CoE 

increased 58% over the course of the project. These increases exceeded national gains reported by 

ASEE over the same time period of 19% and 25%, respectively.

Research Findings Based on Statistical Analysis 

The fourth and final foundational practice was data collection and analysis for informed decision 

making. An important result of the SEEC project was a more rigorous data collection and analysis 

process, as well as systems for monitoring efforts to improve CC transfer student achievement. A 

major reason for this success was the data sharing that occurred between the institutions, which 

was initiated by ISU as a result of the SEEC study. Statistical analysis of retention data showed that 

DMACC CC transfer students enrolled in the E-APP had statistically significantly higher one-year 

retention rates than non E-APP transfer students. A quasi-experimental study conducted as part 

of this project (Laugerman, Shelley, Mickelson and Rover 2013) evaluated E-APP. The objective of 

the study was to determine the efficacy of the E-APP and its interventions, which are measured 

by increased participation rates and increased university retention rates for E-APP participants. 
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The results showed statistically significant improvement in first-year retention rates in the CoE for 

DMACC E-APP participants, compared to non-participants as shown in Table 6.

Statistical analysis showed correlations between academic success in engineering at ISU and 

grades in core engineering courses for CC transfer students. Students were able to increase their 

success by achieving certain levels of GPA. In general, students had statistically significantly higher 

survival (retention) rates if they achieved at least a B in the core engineering courses, and, once they 

began at a CC, completed all of the mathematics and physics courses before transfer (Laugerman, 

Shelley, Rover, and Mickelson 2015).

The highest-influence predictors of completing a BS in engineering for CC transfers were identi-

fied using a logistic regression model (Laugerman, Rover, Mickelson, and Shelley 2015). The variables 

that were statistically significantly related to graduation in engineering were the first-year GPA after 

transfer and the total core engineering credit hours transferred.

Using the same data, a structural equation model was developed to explore predictors of complet-

ing a BS in engineering for CC transfers. The variables that were statistically significantly related to 

graduation in engineering were: first spring GPA after transfer (assuming a fall semester transfer), 

first spring credit hours completed after transfer, CC transfer credit hours toward core engineering 

courses, first fall credit hours completed after transfer, first fall university GPA after transfer, and 

university engineering core course GPA (Laugerman and Shelley 2013).

Sustainable Outcomes

The SEEC best practices workshop is available on video for the benefit of aiding other inter-

institutional collaborations (Iowa State SEEC, Best Practices Workshop, 2013). The workshop was 

held to share foundational practices with participants from both institutions and other community 

colleges in the state, and sessions at the workshop reported on progress made in each foundational 

area of the project. A number of SEEC websites with recommendations for transfer students have 

been created and sustained since the completion of the project (see Appendix). The holistic  approach 

Table 6. Participation in Engineering Admissions Partnership Program (E-APP) and 

Retention with Average Mathematics ACT Score for DMACC Community College Transfer 

Students.

College of Engineering 
One-Year Retention

University One-Year 
Retention

Average Mathematics 
ACT Score

E-APP Participant 77% (n=52) 90% (n=52) 24.2 (n=33)

Non-E-APP Participant 58%* (n=106) 76%* (n=106) 24.6 (n=47)

*Statistically significantly different between E-APP and non-E-APP at p<0.05
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of the SEEC project has enabled DMACC and ISU to leverage and support other outreach, scholar-

ship, and retention programs; reach out to elementary and secondary students with the messages 

of STEM, to encourage students to study engineering; support those who identify themselves as 

pre-engineering majors; recommend successful navigation strategies revealed as a result of our 

research; and support pre-engineering students through the transfer process and incorporate them 

into a successful university experience.

The SEEC project contributed to a transfer-friendly and student-success-focused environment in 

engineering and pre-engineering. The project created a sustainable inter-institutional partnership 

in engineering between ISU and DMACC. The SEEC collaboration also contributed to new partner-

ing efforts across STEM areas between the institutions. Data sharing between the institutions was 

improved through the SEEC study. The resulting changes in educational strategy for CC transfer 

students demonstrated the value of research and evidence to inform educational practice. Numerous 

transfer advising materials and communications for and with CC stakeholders have been developed 

and distributed as a result of this project.

Positive outcomes from SEEC provide lessons that will benefit other efforts to enhance CC stu-

dent success through similar navigational programs that may be of special support to women and 

students of color. The SEEC project enabled the intentional creation of successful and sustainable 

practices for CC transfer, to raise awareness, and to continue to expand the knowledge base of “what 

works” for recruitment, retention, and placement into engineering careers. In addition, DMACC and 

ISU have developed extremely user-friendly electronic means of communicating information about 

transfer options for students.

Further STEM Developments

DMACC continues concerted efforts to communicate with, recruit, and advise students 

about entering the field of engineering, including two major events.

(1) Discover Engineering Day was conducted for high school (HS) students, with DMACC inviting 

HS students to come to the DMACC Ankeny Campus and participate in a day of “discovering 

engineering.” The students participated in hands-on engineering-type activities, heard from 

engineers in the field, listened to an education panel made up of DMACC and ISU faculty, 

discussed educational strategy in terms of coursework, and experienced engineering activ-

ity that promoted upward transfer. Students are invited to participate if they are involved in 

concurrent courses offered through Project Lead the Way, the United States’ leading provider 

of transformative learning experiences promoting engineering for K-12 students and teachers.

(2) Explore Engineering Day was conducted for current DMACC students, including advice for 

connecting students with practicing engineers. In addition, DMACC has initiated numerous 
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developments for STEM students, including establishing a new Associate of Science Degree 

(effective August 2014) for STEM majors seeking to transfer to earn a Bachelor’s Degree 

and a Celebrate Innovation Week that immerses students and the general public in a variety 

of interactive projects to promote creative and innovative thought. The intent is to engage 

students and the public in a focused context outside of their normal studies and lives to help 

them see both the value and process of innovation.

DISCUSSION OF PROJECT CHALLENGES AND LIMITATIONS

Identifying Pre-Engineering Students

One of the biggest challenges for the CC is identifying the students who are in a pre-engineering 

track. Prior to the SEEC project, pre-engineering students were identified post-admission by their 

course-taking patterns, such as enrollment in EGR 100 or in Calculus and Physics courses. Since the 

completion of the project, DMACC has developed a coordinated process to recruit, identify, and 

provide outreach to pre-engineering students beginning with admission to the CC.

Disaggregating Transfer Student Data

Separating out CC transfer student data in engineering, from other groups of students admitted 

to the CoE, presented a number of unique challenges since it had not been done at either institu-

tion prior to this study. Data came from multiple sources, including the ISU Office of Institutional 

Research, ISU’s Admissions Office, and the CoE Career Services Office. Tracking of students was 

difficult, sometimes necessitating transcript-by-transcript analysis. One limitation of the data for 

this study is that the transfer institution listed is where the student attended most recently and may 

not be the school from which the student had the most transfer credit hours. It is not unusual for 

a transfer student to bring credit hours from multiple institutions. Additionally, the study did not 

consider students who left the CoE and later returned nor those students who started in another 

college at ISU and transferred subsequently to the CoE. These students constituted a very small 

percentage of the overall student population.

Limitations

Inherent in this type of study is the imperfection of student transfer data. In our study, the data 

classified any student as a CC transfer who had taken a course at the CC following high school gradu-

ation and preceding any courses taken at the university. This study did not incorporate a minimum 

number of credits from the CC, and did not take into consideration other CCs a student may have 
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attended, only the most recent one. Not all of the CC transfer students had background data such 

as ACT score and high school GPA. This study was limited by the amount of information available 

from the sending transfer institution. It did not include data about the completion of an associ-

ate’s degree. It was also limited to information about a select group of transfer students from one 

state, acknowledging that STEM persistence varies across demographic regions and within ethnic 

groups, as well as between men and women (Hagedorn and Purnamasari, 2012). Although grades 

are a quantitative measure of success, we were not able to control for measurement error and for all 

sources of variability. This study used the final course grades a student received and did not count 

the number of times a course was repeated, if at all.

CONCLUSIONS AND RECOMMENDATIONS

This paper has reflected on SEEC project practices and summarized results and recommenda-

tions from an inter-institutional collaboration focused on upward transfer. The specific foundational 

practices described in this paper are part of a larger effort to increase the number and persistence of 

CC transfers in engineering by creating or enhancing a transfer-friendly environment, a community 

of practice through partnerships, greater awareness about engineering and engineering careers, 

student-faculty interaction, and creating new datasets for research and evaluation. The goals of 

these practices were to (a) engage transfer students while still at the CC and (b) create messaging 

for academic advisors, faculty, and students based on student success data. Studies conducted 

through the collaborative project offer statistical evidence supporting recommended practices. 

The video of the best practices workshop which highlights all of the areas that were foundational 

to the success of the project is available online (Iowa State SEEC, Best Practices Workshop, 2013).

Initially, some statistically significant differences were identified between CC transfer and non-

transfer students to the CoE. Specifically, the one-year retention rates in the CoE, grade point 

 averages after transfer, ACT mathematics scores, and high school GPAs were significantly lower for 

CC transfer students than non-transfer students. Furthermore, CC transfer students who left the 

CoE also left the university at higher rates than non-transfer students. Somewhat surprisingly there 

were significantly lower percentages of females enrolled in engineering at the CC and the female 

students who were enrolled had significantly lower retention rates than non-transfer females.

A holistic, sustainable approach was designed to promote the study of engineering compre-

hensively through the creation of EGR 100, the orientation course offered at CCs that has seen 

increased participation rates of women and minorities. At DMACC the participation rate for women 

has increased from 7% to 17%, and the participation rate of URMs has increased from 5% to 16%.
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To engage transfer students while still at the CC and to support them throughout their studies 

and through the transfer process, the creation of E-APP increased the participation rates and statisti-

cally significantly increased the one-year retention rates of DMACC CC transfer students to the CoE. 

Among the best practices recommended by the successful E-APP are the presence of an academic 

advisor at the four-year institution who works directly with students at the two-year institution, peer 

mentors at the university, transfer articulation between the institutions, and increased connections 

between the CC and the university.

Important messaging has been developed inter-institutionally. Numerous transfer advising 

 materials and communications for CC stakeholders have been developed and distributed as a 

 result of this project. Since the inception of the project, DMACC and ISU’s CoE have seen a notable 

increase in the number of pre-engineering students, the number of students enrolled in EGR 100, 

the number of students participating in the E-APP LC, the number of students transferring to the 

university, the number of transfer students participating in a LC at ISU, and an increase in first-year 

retention at ISU of students from DMACC as well as students from other Iowa CCs. These elements 

of the SEEC project ultimately have led to an increase in the number of students graduating with 

an engineering degree from ISU.
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APPENDIX

The following websites have been created and sustained (as of September, 2016). 

Iowa State University:

• The SEEC project website http://www.eng.iastate.edu/seec/

• College of Engineering transfer website: http://www.engineering.iastate.edu/transfer/ 

Which includes a new pages with resources for Iowa community college students:

• Engineering Admissions Partnership Program http://www.engineering.iastate.edu/ 

transfer/engineering-app/

• Community college (CC) transfer plans including courses by CC and credits http://www.

engineering.iastate.edu/transfer/community-college-transfer-guide/ 

• SEEC project has proposed a case study for the NAE’s online CTC community, based on our 

STEP-funded work http://www.engineeringmessages.org/TakeAction/TheCTCBlog/26051.aspx 

• The following online examples of products were referenced:

• Brochure developed for Iowa State University College of Engineering: http://www.eng.

iastate.edu/seec/COERecruitmentBrochure.pdf

• Iowa State College of Engineering Twitter page, an example of online con-

tent and social media using design/messaging elements of the original brochure:  

https://twitter.com/ISU_CoE 

• Engineering transfer learning communities are now available. Several were launched in relation 

to this STEP project. The list is maintained here: http://www.lc.iastate.edu/transferlc_index.html

Des Moines Area Community College (DMACC). (Note: to view these sites select ok without 

entering a username or password:

• DMACC’s Pre-engineering website http://go.dmacc.edu/programs/pdp/engineering/Pages/

welcome.aspx

• DMACC’s Pre-engineering Advising Guide https://go.dmacc.edu/programs/pdp/engineering/

Pages/preengineering-ames_boone.aspx 

• DMACC’s online Pre-Engineering Resource Kit https://go.dmacc.edu/programs/pdp/engineer-

ing/Pages/engineering-kit.aspx 

• DMACC Engineering brochure: http://go.dmacc.edu/programs/pdp/engineering/Documents/

dmaccpreengineerigbrochure.pdf

• DMACC pre-engineering advising guide. A new resource was developed by the college’s transfer  

coordinator as part of a master’s degree project, the Iowa Community College Transfer Advising Manual 

http://www.engineering.iastate.edu/transfer/files/2013/06/CC-Engineering-Transfer-Advising-

Manual-SPR13.pdf 




